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In 1951, ACTH was used in the treatment of black widow
spider bite and it was found to be effective(Cluxton). Later,
it was found that ACTH alone was not effective in preventing
death from the venoms of red back and funnel web spider, but it
might be beneficial if used in combination with other treatment
(Wallace Sticka, 1958). After two e»rly reports, there
is no available information concerning the effect of hormone on
toxin action or vice versa.
Different components of snake venoms have been successfully
isolated and purified(Lo, 1972). The biological effects of most
of these components have subsequently been studied in applying
to other biological systems. According to their pharmacological
properties, the non-enzymatic toxic proteins from snake venoms
can be classified as NTs and CTs. Because of its extremely high
toxicity(LDq i.p. in mice, 0.074 p.gg? Lee et al., 1968a), the
chemistry and pharmacological properties of NTs have been studied
Abbreviations used in this paper are as follows%
ACTH (adrenocorticotropic hormone)? NT (neurotoxin)? CT (cardio-
toxin)? IFC(isolated fat cell)? IAC (isolated adrenal cell)?
FFA(free fatty acid)? cAMP (adenosine 3:5!-cyclic phosphate)?
pi (isoelectric point)? N-M(neuromuscular)? AC (adenylyl cyclase)?
PD (cyclic nucleotide specific phosphodiesterase).
extensively(Tu, 1973). The main effect of NT on the victim is
the production of either a non-depolarised(Group A) or a depo¬
larised (Group B) N-M block on skeletal muscle. This N-M block
is either due to the binding of NT molecules to the acetylcho¬
line receptors(Group A) or due to the depolarisation of presyn-
aptic nerve endings(Group B) (Lee, 1972).
Besides apparent neurotoxic effects, snake venom? also
produce profound cardio-vascular disturbances. It v;as found
that envenomed animals died of circulatory failure despite the
continuance of artificial respiration(Sarkar et al„, 1942). This
cardio-inhibitory principle of snake venom was named cardiotexin
by Sarkar(1948). Unlike NTs, cardiotoxic effects are not tissue
specific? it affects both excitable and non-excitable cells(Lee,
b
1972? Chang et al., 1972). This wide spectrum of pharmacological
actions is attributed to the irreversible depolarisation of CT
on cell merabranes (Lee, 1972a).
In this investigation, the biological effect of CT on
hormone-stimulated response in isolated cell systems was studied.
Being a depolarising agent, it is obvious that the logical
sequence of CT action would be a change in hormonal synthesis
andor release in partially depolarised fat and adrenal cells.
It has been postulated that the transduction of hormonal signals
can be mediated through a change in membrane potential(Matthews
Saffran, 1973). In this context, it is imperative to determine
whether CT action is limited to the interference of hormone binding
on relevant receptors, or a change in intracellular cAMP level or
an inhibition of hormone release into the external mediura0
Consequently CT may also act on other post-merribranic steps0
Thus from these studies it may be possible to gain some insight
in the action mechanism of CT as well as that of hormones at
the manibranic level0
A. Cnake Venom Toxins
NTs are basic proteins with pi values above 9,0(Karlsson
et ale 1966? Tu Toom 1971? Tu- Hong 1971a'? Botes
Strydora 1969? Yang 1965). They are heat stable in both acidic
c
and basic pH? most of them are dialysable (Tu Hong 1971?
Karlsson et ale 1966)e Group A NTs are further classified to two
subgroups type I and type IL Both type I and type II NTs are
rich in basic amino acids„ The total number of lysine and arginine
residues vary from 7-13 They are also rich in aspartic acid
mostly in the amide form. The content of threonine and serine
is high and the total aliphatic hydroxyl groups vary from 8-14«
The main difference in amino acid composition between type I
and type II NTs is that type II NTs are richer in hydrophobic
residues. The abundance of hydrophobic amino acids appears to
account for the irreversibility of their actions(Lee et al.
c
1972 )c Group B NTs are also rich in basic amino acids but
is quite different from group A NTs in having more tyrosine
alanins and glycine residues
, The primary structure of NT? from snake venoms of various
species have also been determined Within the same type of NT,
more than 10% amino acid residues are identical to each other
The position of cystine residues are completely identical for
NTs of the same type This similarity in amino acid sequence
is not only found in NTs of the same type, but also between
different types The position of the disulfide bridges of type
I NTs will be identical to that of type II NTs by just adding
7 amino acids to the C~terminal and inserting 2 to position 42
and a disulfide linkage between position 30 and 34(Tu, 1973)
Optical rotatory dispersion study of cobrotoxin(type I)
showed that the curve is quite different from those of the usual
proteins in having a left-handed alpha-helical structure and a
a
large positive peak at 233 nm(Yang et al, 1967) The circular
dichroism spectrum of cobrotoxin indicates the presence of beta-
structure (Yang, 1968)
Group A NTs produce an antidepolarising N-M block by acting
on the post-junctional membrane of the motor endplate They
competitively inhibit the acetylcholine response in the frogf s
rectus abdominis muscles without affecting KC1 response They
depress the endplate potentials as well as miniature potentials
a
(Lee, 1972). It was found that they do not inhibit acetylcho¬
line release from nerve endings(Chang Lee, 1966), From auto-
radiographic studies, it was shown that group A NTs exert their
effect by binding to the acetylcholine receptors of the end-
plate (Miledi et ale 1971? Changeux et al., 1970). The binding
is reversible for type I NTs but irreversible for type lis
(Tazieff Pierre, 1966) Because of the specificity and high
affinity of receptor binding, type II NTs has recently been usedt
for isolation and characterisation of cholinergic receptors
(Changeux et al., 1970? Miledi et ai0, 1971).
Group B NTs, 3,g» beta-bungarotorin, exclusively on
the presynaptic site. It neither binds to the acetylcholine
receptor nor reduces the miniature endplate potential. Its red¬
uction of the acetylcholine release is preceded by a facilitated
release of transmitter and an increased frequency of miniature
endplate potentials. Electron microscopic study has shown that
beta-bungarotoxin decreases the number of synaptic vesicles with
time and finally, all of the vesicles are depleted. Unlike group
A NTs, beta-bungarotoxin does not .affect the acetylcholine
response of the endplate(Lee, 1972).
The toxicity-structure relationship of cobrotoxin from N.
naja atra has been studied by chemical modification techniques.
Firstly it was found that the disulfide bonds are essential for
the lethal action of NTs. This is not surprising because disul¬
fide bonds are primarily responsible for the maintenance of the
NT conformation.
Modification with o-methylisourea in NT shows that
only lysine is responsible foi NT toxicity• Other lysine
residues as well as the N~terminal residue are not essential
for its toxic action (Tu Hong, 197iC? Cooper Reich, 1972)«
Modification of free amino groups in cobrotoxin by fluor¬
escein thiocarbaraylation decreases the toxicity but its anfci-
a
genicity remains(Yang et al., 1967°). This suggests that the
antigenic sires of cobrotoxin are different from the toxic
Modification of arginine residues with 1,2-cyclohexanedione
does not change NT toxicity whereas the unique tryptophane
residue when oxidized with N-bromosuccinimide(NBS) or 2-nitro-
phenylsulfenyl(HPS) leads to complete less of toxicity(Chang
Hayashi, 1969; Tu Hong, X971°).
Tyrosine groups in cobrotoxin were also studied. By nitration
35
with tetranitromethane, it was found that tyrosine is not
2 5
essential for NT toxicity whereas after the buried tyrosine,
is exposed and modified, a loss of toxicity is resulted(Yang
Chang, 1972)
Iodination of histidine residue does not affect NT toxicitv.Bv
modification of carboxyl groups with glycine methylester, it was
found that only the buried carboxyl group, glutamic acid, is
essential for toxicity(Chang et al0, 1971).
Only two exposed amino acid residues have been found to be
important for NT toxicity, i«,e0 lysine47 and tryptophane29; all
the other important residues are presumably buried. This suggests
that, though NTs are small proteins, their secondary as well as
their tertiary structures are important for their toxicity..
While NT can be classified functionally and chemically into
different groups and types, CT refers to a group of basic proteins
from snake venora with cardio-inhibitory effect. Depending on the
source ci material, different research groups have applied diff¬
erent names to the. cardiotoxic components? e.g. cordiotoxin
Sarkar, 1947; Lee et al, 1968) direct lytic factor (Aloof or alM
1968? Condrea et al., 1964); crobamine (Larsen Wolff, 1968)
cytotoxin(Braganca et al., 1967) and toxin gamma(Izard et al,
(1969) This fact no doubt reflects the heterogeneity of CTs in
the functional and chemical senses Indeed, it has been shown
that the Mcardictoxin isolated by Sarkar in 1947 was not a
single protein(Randonat Holler, 1958). It was also shown that
usually more than one CT could be isolated from the same venom
(Larsen Wolff, 1968). Nevertheless CT from some species had
been isolated and purified as homogeneous or crystalline pre¬
parations (Aloof et al., 1968; Takechi et al., 1972; Narita
Lee, 1970).
CTs are strongly basic proteins with pi values greater than
ll (Lee, 1972a; Larsen Wolff, 1968). It is the most basic and
most abundant constituent of cobra venoms. It constitutes about
36% dry weight of the whole venom. It is heat stable at acidic
pH but not at alkaline pH(Lee, 1972? I.arsen Wolff, 1968}„
Most of them are composed of 60 (57-62) residues of 15-17 amino
acids in a single chain cross-linked by four disulfide bonds
(Lee, 1972).Though amino acid compositions of CT from differ¬
ent species exhibit, a certain degree of heterogeneity, they
share the following similarities: (1) high content of lysine
(8-12 residues) and aspartie residues(G~Q residues, most cf
them as amides), (2) abundance of hydrophobic amino acid residues,
such as valine (6-7), leucine (5—7), (3) all of thorn containing
8 'cystine residues forming four disulfide bonds0 All these
features are probably significant in determining the conformation
Si
of the pharmacologically active CT{Lee, 1972)
The primary structure of CTs from venoms of N naja atra
(Narita Lee, 1970), N naja of Cambodian origin, It Nigricollis
b
and Hemachatus haemachatus (Lee, 1972) have recently been
s
determinedo These studies did prove that the direct lytic
factor, cytotoxin, toxin gamma etc0 are horaologues of CT
isolated from JJC naja atra0 Only 13-15 out of 60 residues are
different from each other and the positions of the cystine
residues of all these CTs are identical0
CT affects various kinds of tissues, causing irreversible
depolarisation of the cell membrane and consequently impairing
Si
both the function and structure of cells (Lee, 1972 j It causes
Id
the contracture of the skeletal muscle(Lee, 1968) followed by
paralysis. The effect is potentiated by phospholipase A(Chang
Lee, 1966) and antagonised by high Ca (Tazief£ et ale, 1969).
At high concentration, CT blocks the axonal conduction of peri¬
pheral nerves(Chang Lee, 1966; Condrea et al., 1967). This
b.
effect is also greatly potentiated by phospholipase A (Lee, 1972).
In smooth muscles, it induces contraction which is partially
inhibited by atropine, procaine or morphine(Larsen Wolff, 1968).
Thio -suggests that CT acts not only on muscle membrane but a3
the neural edit. In isolated heart preparations, CT causes aug¬
mentation of contraction at low concentration and systolic arrest
at high concentration. CT also causes an initial rise in systemic
arterial blood pressure followed by a progressive decline leading
to cardiac arrest (Lee et al„, 1968)„ CT produces a complete
ganglionic block after a transient phase of stimulation(Chou
Lee, 1969). The hemolytic property of CT on several animal
g
species has been identified(Condrea et al., 1964; Aloof et al.r
1968). CT is weakly hemolytic by itself but acts synergisticaily
a b
with phospholipase A(Condrea et al., 1964'). Besides hemolytic
activity, CT also exhibits cytolytic effects on both Hela and KB
cells(Lee, 1972a).
In addition to its pharmacological properties, CT also
exhibits certain biochemical effects. Cobramine A B from N.
naja venom was found to inhibit the iodide accumulation in
thyroid slice, ammo acid and 3-o-raethyl-D— glucose transport
in small intestine and the uptake of para-aminohippuratc and
amino acid by kidney cortex slices (Larsen Wolff, 1967; Wolff
et al., 1968), CT was also found to inhibit the action of
cholinesterase(Chang Lee, 1965) This anticholinesterase
activity is inhibited by polyanions as well as divalent or
univalent cations(Lee et al., 1965)«
The structure-activity relationship of CT is little known
as compared to the chemical and pharmacological properties
which have been the subject of numerous publications It was
suggested that CP exhibits its pharmacological effects by
b a
depolarising the cell membrane(Lee et al., 1968; Lee, 1972)
The depolarization caused by CT is irreversible. Comparing to
the action of type I and type II neurotoxin, it is reasonable
to suggest that the abundance of hydrophobic amino acid residues
is responsible for the irreversibility of its actions.
Though studies on the binding of CT on cell membrane are
not yet reported, it was proposed that the primary target of
CT action is the cell membrane (Lee, 1972). The interaction of
CT and membrane component probably occurs between the phospho¬
lipid in the plasma membrane and the lipophilic side chain of
CT (Klibansky et al., 1968). The basicity of CT alone cannot
account for its pharmacological effects. Its positive charge
is held responsible for its attachment to the membrane by
promoting electrostatic attraction.
Similar to NTs, the four disulfide linkages in CT determine
its conformation as well as its biological activities. The
methionine residues which are missing in NTs may also contribute
b
to its wide spectrum of pharmacological activities (Lee, 1972)„
13. Hormone Action Mechanism
As early as the beginning of this century, the biological
activity of hormones can be monitored by some well-defined
physiological parameters. Studies in hormone action mechanism,
however, only became active and fruitful during the last decade
or so. As a result of the rapid improvement in hormone research
methodology, the biological activity of most hormones can now
be investigated at the cellular level, or even in tissue horao-
genates. This, aided by the availability of synthetic hormones
and relevant analogues, has ushered in a new area of hormonal
research. This modern phase of hormonal research is best repre¬
sented by the inception of three important notions in hormone
action mechanism. They are, vijs.,
1. the discovery of cAMP as the second messenger,
2. the discovery of hormone-stimulated protein kinase, and
3. the discovery of hormone receptor.
The pioneer work of Sutherland and his coworkers(1957) in
the stimulation of phosphorylase activity by epinephrine and
glucagon in liver horaogenates have led to the discovery of
cAMP as the second messenger To date,, it is widely accepted
that mort, if not all, hormones exert their biological effects
through a change(in most cases an increase) of intracellular
cAMP level(Hittelman Butcher, 1971) Although soma observations
were reported that cAMP is not quantitatively related to the
magnitude of the relevant biological response(Moyle et al«,
1973) 9 the fact that cAMP and theophylline can mimic or poten¬
tiate the biological activity of the hormone -still serves as
the strongest evidence such that in cAMP-mediated hormonal
responses, the biological effect is preceded by an increase
in intracellular cAMP level (Hittelman Butcher,. 1971).
Intracellular cAMP level is regulated by two enzymes accord-
incr to the followina reactions:
AC Mc PD
ATF CAME 5 -AMP
AC is closely connected with the plasma membrane of hormone-specific
target cells and activated by specific hormones. The substrate
of AC is MgsATP rather than ATP alone. An excess amount of ATP
will result in an inhibition. Usually more Mg++ than necessary
for stoichiometric formation of MgsATP is required for full
activity (Birhbaumer, 1973). Unlike other membrane-bound enzymes,
the location of AC on the plasma membrane does not simply serve
the purpose of compartmentation but is rather essential for the
functional integrity of the enzyme. AC has so far defied all
attempts of purification, or even solubilization, in eukaryotic
cells(Hittelman Butcher, 1971) Therefore both its kinetic
and chemical properties are stii not yet well defined. In any
case, within the conceptual confines of the second messenger
theory, a particular1 hormone has executed its informational
transfer once it has caused an increase in intracellular cAMP
level.
Soon after the discovery of eAMP, the Sutherland group(1958)
reported the discovery of a specific cyclic nucleotide phospho¬
diesterase. Thus, without; activation of AC, intracellular of .MP
level can be increased as a result of the inhibition of FD.
Although theophylline and caffeine are not the most potent PD
inhibitors (Sheppard, Wiggan, 1971), they are by far the most
commonly used. Contrary to the situation of AC, PD has bean
purified from several sources. Their kinetic properties are
well defined (Cheung, 1970). In this case, enzyraie activity is
not directly hormone-dependent, but rather is regulated by a
continuously fluctuating intracellular cAMP level. An increase
in cAMP level activates the enzyme by a shift to a lower K„m
and higher V (Russell, 1972) or concurrently, a shift fromRlctX
the particulate state to the soluble state (Ng Kong, 1973.)
A hysteretic effect permits a transient increase in cAMP,
following which the biological effects will ensue, before the
PD brings down the increased intracellular cAMP level to basal
(Wang et a1c, 1971).
As a logical sequence of the work in epinephrine-stimulcited
phosphorylase, it was found that a phosphorylase kinase, and later
even a kinase kinase were involved in bridging the gap between
an increase in intracellular cAMP level and the terminal biolo¬
gical response(Walsh et al, 1968). This led to an explosion
of publications in cAMP-dependent protein kinase, with the
Greengard group and the Walsh group leading the field(Walsh
Ashby, 1973• Kuc A Greengard, 1969) These brilliant achieve¬
ments nave also generated come ingenious techniques in cAMP assay
based on the principle of competitive protein binding(Oilman,
1970) This whole situation can be summarily presented as
described below. cAMP-dependent protein kinase is composed of
one regulatory cob unit (R) and one catalytic suburiit (C)«. As a
result of hormonal stimulation, an increase in intracellular
cAMP level prompts the appearance of a cAMP:R complex, thus
releasing the free catalytic subunits These catalytic subunits
will then catalyse a phosphoryl transfer from the gamma-phosphate
of ATP to a spectrum of quasi-specific substrates, ranging from
phosphorylase b kinase to casein and histone (Langan, 1970)„ The
regulatory subunit, besides playing the role of a regulator
sensus stricto, also acts as a physiological sink for what is
apparently an excess of cAMP, thus potentiating time-wise the
hormonal actions(Brostrom et al», 1971).
While the substrate•specificity of cAMP-dependent protein
kinase determines to a large extent the specificity of hormone-
stimulated response in target cells, a selective process must
come into play such that different hormones can elicit differ¬
ent responses in relevant target cells through an increase in
a single and ubiquitous molecular species that is cAMPo This
selective process must occur between the attachment of hormone
molecule on the plasma membrane0 In other words e a recognising
molecule must exist on the plasma membrane of target cell in
order to pick out the relevant hormone from the extracellular
medium Attachment of hormone molecules to these recognizing
molecules or the hormone receptors, activate the AC
The concept of receptor was first developed by the
pharmacologists during studies in drug action As early as 1878,
the notion of spacific 11 receptive substance was introduced by
Langley in the studies of nicotine and curare effect on the
myoneural junction(Penn, 1970) The tissue specificity of hormone
action warrants the idea that special receptor molecules exist
on target cell membrane so that the right kind of hormone for a
particular target cell will be picked up from circulation
Hormone receptor, in its broadest sense, was defined as a
molecular entity, consisting of a receptive site, an executive
site and a coupling mechanism(Wira et al, 1971) The receptive
site is further defined as the initial point of hormone action
It discriminates or specifically recognizes the hormone in the
extracellular medium. It is thus located on the outside surface
of the plasma membrane. The executive site is one of the compon¬
ents of hormone receptor that receives information from the
receptive site and transmit either an amplified or a recoded
massage to various loci of the cell, thereby activating the
metabolic channels to produce the terminal biological effect.
The coupling mechanism exists between the two sites such that
a translate.cnal process can take place ensuring correct inform¬
ational transfer fween the input signal(hormone) and the out¬
put signal(cAMP) which are invariably different.
During the past few years, receptor preparations which
showed specific binding for ACTH, glucagon, epinephrine, LH and
insulin have been isolated and studied in vitro(Cuatrecasas, 1972;
Roth et al„, 1972; Rodbell et al., 1972; Catt et al«, 1.972).
According to Sutherland(1971), receptor molecule is an integral
part of the AC system, just like subunits in a regulatory enzyme
system. In this case, the catalytic subunit of AC carries as
many regulatory subunits as is required for its tissue specificity.
More recent studies showed that hormone receptors are more
complicated than part of a regulatory enzyme system. Controlled
proteolytic or lipolytic digestion of cell membrane destroyed
the hormone binding activity but left the AC activity intact
(Rasmussen, 1972). The dissociation between hormone receptor
and AC found further support in the case of red blood cells.
It was found that beta-receptor in both rat and human red
blood cells were the same. But hormone sensitive AC was asso¬
ciated with the beta-receptor of rat red blood cell? no AC
activity was found associated with human red blood cells. This
dissociation between hormone receptor and AC leads to the most
intriguing problem in the quest of hormone action mechanism,
i,e, how can information from the receptive site be transferred
to the executive site across the plasma membrane,
Sinca both receptor and AC are firmly bound to the plasma
membrane, possibly linked by an intraraerabranic coupler, the
function of the complex multi-molecular system is most likely
conditioned by the microenvironmant in whcih it exists. It was
reported that treatment of fat cell ghost or liver membranes
with high concentration of phospholipase A resulted in a total
loss of AC activity(Birnbaumer, 1973).When liver cell plasma
membrane wam treated with low concentration of the same enzyme,
only glucagon stimulation, but not F~ stimulation of AC activity
was selectively eliminated. However, binding activity of the
treated membrane preparation to hormone molecules remained
intact(Rodbell et al,, 1968),
The importance of phospholipids in promoting hormone-receptor
interaction leading to subsequent AC activation has also been
noticed(Phol et al,, 1971? Levey, 1973), In a series of elegant
experiments, Levey(1970,1971) demonstrated that heart AC was no
longer activated by epinephrine and glucagon following treatment
with Lubrol-PX, a non-ionic detergent. Depending on the kind
of phospholipids used, hormone-stimulated AG activity can be
restored selectively by the addition of phosphatidylinositol
(epinephrine) or phosphatidylserine(glucagon)0 Although
apparently a constitutive membrane component, current ideas
tend to suggest that phospholipids occupy a critical position
i n he coupling me ch a n i s ra (B i r nb a time r, 1973) e up t o t h i s s t a g e,
it seems clar future trends in the study of hormone
action mechanism will turn to information transduction as a
membranic event triggered by hormonee
EXPERIMENTAL STUDIES
A. Isolation and Chemical Characterisation of Cardiotoxin
1 Materials and Methods
Fresh venom was collected from the local Chinese Cobra
(Naja naja, Linru), The crude venom was lyophylized and stored
in deep freezer under desiccation,, Formes an Cobra (N. naja atra)
cardiotoxin and neurotoxin are gifts from Professor Tdh Lo
Institute or Biochemical Science, National Taiwan Dnivercity-
Amber lite C- 5 0 I resin and materials for polyacry lamide
gel electrophoresis were purchased from Serva. Sephadex gels
were products of Pharmacia a Dansyl amino acids and dansyl
chloride were obtained from Sigma. Polyamide sheets were pur¬
chased from Cheng Chin Trading Co. Ltd,, Taipei, Taiwan, Markers
for molecular weight determination were obtained from Schwarss.
All chemicals used were of analytical grade.
Column chromatography was monitored at 280 ran with a LKB
UVICORD II. Optical density of each fraction was read in a
Zeiss PMQ II spectrophotometer, Amino acid composition analysis
was performed in a Beckman 120-C amino acid analyser.
Ion-Exchange Chromatography
CM-sephadex(C-50) was allowed to swell in 0,05 M ammonium
acetate buffer, pH 5, and packed in a 1,5x80 cm column. Cobra
venom (2 gm) vas applied to the column in 5 ml 0,05 15 ammonium
acetate buffer, pH 5, The column was eluted by a gradient of
ammonium acetate from 005 M, pH 5 (450 ml) to 09 MB pH 7. Tne
flow rate was adjusted to 5 ml per hour and the eluate was
collected at 5 ml fractions. All columns were run in the cold
room at 5»
Amberlite CG-50 I resin was regenerated with 2 M and
equilibrated with 0,1 M ammonium bicarbonate solution:?. The
resin was oacked in a 2,5x30 cm column. Desalted toxin I obtained
from CM-sephadex(Pig. 1) was applied to the column. The column
was elated by a concentration gradient of ammonium bicarbonate
solution from 0d M(1 liter) to 0,5 M at a flow rate of 120 ml
per hour, 10 ml fractions were collected.
Gel Filtration
The sephadex columns were prepared as recommended by the
manufacturerc For protein separations, two columns(1,5x100 cm)
of sephadex G~5Q were connected in series as described by
Botes et al, (1971), The column was eluted by 0,1 M ammonium
bicarbonate solution at a flow rate of 30 ml per hour, A column
of sephadex G-15 in 0,05 M ammonium bicarbonate solution was
used for desalting purpose,
N
E1ectrophoresis
Paper electrophoresis was conducted at pH 11 and 11,2
using disodium hydrophosphate-sodium hydroxide buffer. Sample
of 200 jig protein in 10-20 jil was applied at the middle of a
strip of Whatmann No0 1 paper. Electrophoresis was carried out
for 16 hours in the cold room at a voltage of 4 vcm.
Disc electrophoresis on acidic polyacrylaraide gel was
carried out according to the method of Davis (1964). The sample
(50-200 yg protein in 50 ill of 0o25 M sucrose) was layered on
the stacking gel after the anode compartment was filled with
buffer. Electrophoresis was carried out by applying a current
of 4 mA per gel for 2 hours at room temperature.
SDS uej electrophoresis vcs carried out according to the
method of Danker Rueckerl(1969). After intubation in 0.1 M
beta-mercaptoethancl for 2 hours the samples and standard mole-
cular weight markers prepared at a concentration of 50-200 v.g
protein in 50 jil gel buffer and one drop of glycerol, were
layered on top of the 5% gel after the cathode compartment was
filled with buffer. Electrophoresis was carried out by applying
a current of 8 raA per gel for 4 hours. Bromophenol blue was
used as tracking dye.
After the run, both paper and gel were stained in 1.25%
coomassie brilliant blue and destained in glacial acetic acid:
methanol:water(1s3:10 vv).
N—terminal Amino Acid Determination
The N~terminal amino acid was determined by the dansyl
chloride method developed by Gray (1967). To 30 y.l protein
sample (300 jxg) in 0.1 M ammonium bicarbonate solution in a
10x75 mm Pyrex test tube 30 pi dansyl chloride solution(2.5
mg per 1 ml acetone) was added© The tube was covered with
paraffin and incubated at room temperature for 3 hours0 The
precipitate formed was washed 3 times with distilled water
The precipitate was dried under vacuum and 0o5 ml of constant
boiling hydrochloric acid was added0 The tube was then sealed
o
under vacuum and incubated at 110 for 18 hours The sealed
fcubo was opened and the hydrolysate was dried under vacuum©
The residue was red!ssolved in 30 jxl wacer applied on a
polyamide sheet© Then a two-dimension chromatography was run©
The second dimension was run together with standard dansylated
amino acids
Ami.no Acid Composition Analysis
Samples of 300-500 jig protein was hydrolysed in constant
o
boiling hydrochloric acid at 110 for 20 hourse The hydrolysate
was analysed in a Beckman model 120-C amino acid analyser
Tryptophane content was analysed by hydrolysing the protein
sample in 2 N sodium hydroxide
2- Resuits
(a) Isolation of cardiotoxin
Chromatography of the crude venom on CM-sephadex 050
yielded an elution pattern shown in Fig X. According to Lo
et aL (1966), it is safe to conclude that the last peak (toxin.
I), which is also the most abundant peak, is cardiotoxin. This
fraction, when analysed by acidic polyacrylamide gel electro¬
phoresis, was found to contain 3 components, with rrv? major
band running between two minor bands.
The lyophylized toxin I was dissolved in 10 ml of 0.05 K
ammonium bicarbonate solution and applied on an amberlite CG-5G
column. The elution pattern was shown in Fig. 2. The major peak
designated toxin II gave one major band and one minor band when
analysed by polyacrylamide gel electrophoresis(Fig. 4). The
minor band corresponded to the slow moving minor band of toxin I.
The lyophvlised toxin. II was dissolved in 10 ml 0.05 M
ammonium bicarbonate solution and loaded on a series of two
sephadex G-50 columns of 1.5x100 cm in size. The elution pattern
was shown in Fig. 3. The main peak, designated toxin III, showed
the same pattern as toxin II when analysed by polyacrylamide gel
electrophoresis(Fig. 4). Repeated rechromatography on both
amberlite resin and carboxymethyl cellulose columns did not
improve the purity of this preparation. Since this minor compon¬
ent constituted only a very small fraction of toxin III, this
Figure 1 Chromatography of Chinese cobra crude venom
on CM-sephadex C~ 50 column(1.5x100 cm) by
gradient elution as showne The eluate was
collected in 5 ml fractions at 5°., Flow
rate was adjusted to 5 mlhr«
Figure 2. Chromatography of desalted toxin I (Fig. 1)
on amberlifce CG-50 column(2.5x30 cm) by
gradient elution as shown. The eluate was
collected in 10 ml fractions at 5o. The
flow rate was adjusted to 120 ml/hr
Figure 3 Gel filtration through two columns of sephaclex
G-50 (IcSxlOO cm) linked in series0 The column
was eluted with 01 M ammonium bicarbonate
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Figure 4C Acidic polyacrylamide gel electrophoresis
pattern of toxin II and toxin III 15% gel
was used The gel stacked at pH 5 and ran
at pH 43 Electrophoresis was carried out
at 4 m per gel for 2 hr at room temperature
TOXIN II
TOXIN III
persistant heterogeneity should not affect the results in
chemical and biological studies
(b) N-terminal amino acid of cardiotoxin.
Since toxin III is shown to contain two protein components,
two N-terrainal amino acid residues are expected Indeed, two
spots of dansylated N«terminal residues were observed The
strong fluorescent spot corresponding to N-leucine was assigned
to the major band which io in good agreement with published
Id
results (Leo, 1972). The exact identity cf the weak fluorescent
spot, which is presumably derived from the minor band, cannot
be confirmed due to the scarcity of the material(Fig 5)
(c) Molecular weight of cardiotoxin
The molecular.weight of toxin III was determined by SDS
gel electrophoresis Unlike the electrophoresis pattern on poly-
acrylamide gel, which showed one major band and on® minor band
Toxin III when analysed by SDS gel electrophoresis showed only
one band Since this band is rather broad, it might be a result
of two overlapping bands indicating that the two components of
toxin III are very similar in molecular Comparing the
electrophoretic mobility of toxin III with that of known markers,
the molecular weight of toxin III was estimated to be 7250 (Figc 6)
(d) Isoelectric point of cardiotoxin
Being a very basic protein with a pi value greater than 11,
the ampholine electrofocusing technique(pH range 3-10) is not
Figure 5. Polyamide sheet thin layer chromatography of tha
acid hydroiysate in N-terminal amino acid deter¬
mination,
i ac First dimension: Water:Formic acid (100: 1.5 vv)
b0 Second dimension: Glacial acetic acid:Benzene
(1:9 vv)
0: origin
A: Major spot assigned to bo leucine
B: standard dansyl-leucine
C: N~terminal of minor band
Fig 5a
Figc 5b
Figure 6 Plot of the logarithm of the molecular weight
of proteins versus' their electrophoretic mob¬
ility in 5% polyaerylamide gels containing
0.1% SDSo A, B, C D are protein molecular weight
markers with molecular weight of 1450, 4440,

























applicable in the study of pi of CTs« A rough estimate of the
pi of toxin III was therefore determined with paper electro¬
phoresis 0 The pi of the major component of toxin III was found
to be pH lido The pi of the minor component was not determined
due to the scarcity in material(Fig0 7)o
(e) Amino acid composition of card toxin
The amino acid composition of toxin III was shown in
table lc It shares all the similarities with CTs isolated from
other specieso It contains high content of lysine and aspartie
acid residues0 It is also rich in hydrophobic amino acids such
as valinee leucine® It contains 8 cystine residues® Comparing
with that of the CT of Formesan cobra (N nag a atra)e toxin III
showed a high degree of similarity in amino acid content® This
high degree of similarity provided strong evidence that toxin
111 i s K c ardiot oxinl?®
Figure 7C Paper electrophoresis of toxin 111 in 0e2 5 M
phosphate-hydroxide buffer of 11 and !lc.2
Electrophoresis was carried out in the cold
room for 16 hr at a voltage of 4 vcnu The







Amino acid composition of Toxin III
Amino Acid Toxin III
Cardiotoxin of



























































Taken from: Lee, CeYe, Jc Chinese Biochenu Soc,
1.(1) 47-56 (1972)
The number of amino acid residue was calculated
from the molecular weight obtained on SDS gel
electrophoresis.
B. Biological Effects of Cardiotoxin on Lipolysis in Isolated Fat
Cells and Steroidogenesis in Isolated Adrenal Cells
1 Materials and Methods
All rats used in this investigation were males from a stable
colony of Siraenson albino? they are originated from Si men son
Laboratory (Gilroy, California, TJ0S„A} Rats were virgin and
three months old They were killed by decapitation under light
ether anaosthesia
Highly purified adrenocorticotropic! was obtained from
Organoru Purified CT(toxin III) was prepared according to the
procedures described in section A of this chapter CLS grade
coilagenase was purchased from Worthington Lima bean trypsin
inhibitor was purchased from Sigma« Adrenaline(L-epinephrine)
and fatty acid free bovine.serum albumin(BSA) were purchased
from Serva H-cyclic AMP (207 mCxnmol) and C-ATP(1.06 mcramo!)
were products of the Radiochemical Centre, Amershara. Freund's
adjuvant was purchased from Galbiochem® Neutral aluminum oxide
(activity I) was a product of Merck All chemicals used were
of analytical greide
All incubations were carried out in a Dubnoff metabolic
shaking incubator Optical density was read in a Zeiss PMQ II
spectrophotometer,, Fluorescence was read in a Turner 111
fluoromater equipped with a blue lamp and appropriate filters
Radioactive samples were counted with 10 ml Brayss scintillation
fluid in a Nuclear Chicago Mark 1 liquid scintillation counting
system.
Preparation of isolated cellst f ovaemV—uOBnxvmumwarsaM :xmjmsjram»KF. awawwwmawww
IAC were prepared according to the original collagenase
method of Kloppenberg et alc(1968) as modified by Moyle et al.
(1973)» Adrenal glands from 16-20 r.ts were used for each batch
of cells. Adrenals wore decapsulation and minced in Krebs-Ringer
bicarbonate buffer, pH 2, containing 2 ragml of glucose (KRBG),
4 mgral collagenase and 4 mgml BSA. Minced adrenals were
transferred to a 50 ml Falcon polypropylene culture tube in 10
ml same medium. Incubation was carried out with gentle shaking
at 37° under an atmosphere of 95% oxygens 5% carbon dioxide.
After 30 minr the adrenal cells were released from the connecting
tissues by drawing the digested fragments in and out of a tygon
tubing attached to the needle mount of a syringe. The cell suspen¬
sion was transferred to another tube and the remaining fragments
were processed again. The whole process was repeated for 3-4 times.
The cell suspensions from each cycle was combined and filtered
through 2 layers of gauge The cells were washed with fresh KRBG
with BSA and collected by mild centr if ligation The pellet of cells
obtained in the final wash were suspended in KRBG buffer contain¬
ing 2 mgml BSA and 01 mgml trypsin inhibitor to give a final
concentration of 1x10 cellsml.
IPC from rat epididymal fat pad were prepared according to
Rodbeil(1964) with slight modifleafionso For each batch of cells
fat pads from 4-8 rats were pooled and minced in KRBGo Minced
fatty tissue were transferred to a 50 ml Falcon polypropylene
culture tubs in 10 ml KRBG containing in addition 40 mg coll£«-
enase and 40 mg BSAC Incubation was carried out with gentle
shaking at 07° undev an atmosphere of 95% oxygens5% carbon
dioxideo After 30-45 ruin 20 ml warm KRBG were added and the
whole preparation was filtered through 4 layers of goxvze into
o
another culture tube0 After standing for 3-5 min at 37 all
fat cells floated to the top to form a loose cake0 The incubation
medium was then allowed to drain through a hole punctured at the
bottom of the tube0 Cells were washed by the same process for 3
or 4 timeso Finally the cells were resuspended in KRBG contain¬
ing 10 mgml BSA and 01 ragml trypsin inhibitor« Cells were
5
used at a concentration of 2x10 cellsml0 In IPC experiments
KRBG of half calcium concentration was used
Hormones, CT or theophylline were added in a total volume
of not more than 50 jxl of 0o00lN hydrochloric acid prior to
the delivery of cells0 Cells were delivered in triplicates to
10 ml polystyrene culture tubes0 Incubations were carried out
at 37° under an atmosphere of 95% oxygens5% carbon dioxide
for one hour
Estimation of free fatty acid and corticestorone
In IFC experiments, at the end of incubation, 100 ul median
was withdrawn after standing the sample tubes at room temperature
for 2 mine FPA was estimated according to the procedure of Corbin
(1972)? uhe ammonium salt of diethyldithiocarbamic acid and 98°-
100° boiling sec-butanol were used Samples were read at 440 nm
and palmitic acid was used in the calibration curve0
In IAC experiments, cortieosterone was estimated according
to the method of Peterson (1957) 0 1 ml Tris-alcohal (20% alcohol
in 20 mM Tris-HCl, pH 744) was added to each tube at the end of
incubation The total sample with cells was transferred to a
glass stoppered test tube and extracted with. 5 ml dichloromethane„
Separation of the aqueous and organic phases was achieved by
repeated freese-thawing in a dry ice-acetone bath. Sulfuric acid
induced fluorescence of cortieosterone was read in a Turner
fluorometer«
Estimation of cAMP
Incubation of IPC and IAC were terminated by transferring
the mixture to 1 ml of 1 mM theophylline in 20 mM Tris-HCl,
pK 7.2, maintained in a boiling water bath. Where concurrent
estimation of cAMP and cortieosterone or FFA was necessary
the aqueous phase from dichloromethane extraction in IAC experiments
was recovered for cAMP assay. In IFC experiments, sextuplicate
samples were used such that 3 tubes were used for each purpose
separately. cAMP was purified by an alumina column(Ramaehan-
dran, 1971) and estimated according to the procedures
of Oilman(1970)e cA HP-binding protein was prepared according to
Walsh et al (1968), using the 03 M phosphate eluate from DEAE--
cellulose column Assay was carried out in 50 y 1 total volume
using enough binding protein to bind l3 counts from 1 prnole
of H-cAMP.
Preparation of cardiotoxin antiserum
Purified CT at 10 ragml was mixed with equal volume of
complete PreuDd'S adjuvant,, A weekly- dosa of 5 mg was injected
siibcutaneous!! y a 1 year old male New Zealand white rabbit
After the third dose, 20 mg CT precipitated with alum was injected
intraperitoneaiXy0 The rabbit was bled from ear vein 3 days later
Antiserum potenee was determined by precipitation test with CT
at 1 mgml Specificity was tested by Ouchterlony double diffusion
in agar plate The antiserum did not- cross react with NT It-
showed a titre of 500.
2. Results
(a) Inhibitory effect of cardiotoxin
CT manifested a distinct inhibitory effect on steroidogenesis
in IAC and lipolysis in IPC. Fig. 8a shows a typical log-dose
response curve for ACTH in IAC. At 30 ngml ACTHt maxima! stimu¬
lation was attained with a 25-fold increase in corticosterone
production. At maximal dose of ACTH6 CT was found to inhibit
steroidogenesis in a sigmoidal fashion as shown in Pig. 9b. CT
inhibition became apparent at 3 jigml and attained 100% at 100
jxgml. Half maximal inhibition determined over several repeating
experiments occurred at 10 jigml.
The same pattern of CT inhibition was observed in ACTH-
stimulated lipolysis in IPC(Fiq. 9ab). Under maximal ACTH stimu-
lation, lipolysis was inhibited progressively following a logar¬
ithmic profile as that described for IAC At 100 jxgml CT, some
degree of cytolysis was observed in IPC preparation. Attempts to
assess dose-dependent cytolysis in isolated cells and ascitic tumor
cells did not yield quantitative results. Since it occurred only
in IPC at high CT concentration, cytolysis may result from mechan¬
ical damage in CT-sensitized fat cello. It was necessary to shake
IPC preparations much harder than IAC in order to obtain a
homogeneous cell suspension.
The inhibitory effect of CT on epinephrine-stimu1ated lipo¬
lysis was similar to that of ACTH treatment(Fig. IQab). Addition
Figure 8 a« Log-dose response curve of ACTK in 1AC s
ho Log-doss response curve of CT in XAC under
optima? ACTH stimulation,
In both experiments, isolated adrenal cells
(1x10cells par tube) were incubated at 37v in
KRBG(pH 7®2) containing 4 mgral BSA and 0.1 mgrnl
trypsin inhibitor for 60 min©
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Figure 9 a© Log-dose response curve of ICTH in IPC a
bo Log-dose response curve of CT in IPG under
optimal AGTH stimulation.
in both oxparisnentEf isolated fat cells (2xl05
colls par tube) were incubated at 37° in KRBG
(%Ca pH 1o 2) containing 10 ragml BSA and
Ool mgml trypsin inhibitor for 60 min.
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Figure ID a Log-dose response curve of epinephrine in jlFC
in the presence of 1 mM. theophy 1I ine»
b0 Log-dose response curve of CT in IPC under
optical epinephrine stimulation in the presence
of 1 mM theophylline 0
5
In both experiments0 isolated fat cells(2x10
o
cells per tube) v«ore incubated at 37 in KRBG
(% Ca pH 702) containing 10 mgml BSh and
Qol ragml trypsin inhibitor for 60 min0






























Figure II. Inhibition of lipolysis in IFC by CT as a
function of ACTH concentration»
Isolated fat cells(2x10 cells par tuba)
were incubated at 37° in KRBG(h Cap pH 702)
containing 10 ragml BSA and 0oX mgnil
trypsin inhibitor for GO min.
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Figure 12 a Diphasic effect of CP on XFC in the presence
or absence of ACTH
b0 Biphasic effect of CT on IAC in the presence
or absence of ACTB 0
5
In both experiments isolated cells(1AC 1x10 p
5
XFC 2x10 cells per tube) were incubated at
37° in KRBG(pH 7.2, %Ca for IPC) containing
Ool mgrnl trypsin inhibitor and 4 mgmlf 10 mgnil
BSA for IAC and IPC respectively®





of theophylline was necessary in order to achieve a more pronounced
effect with epinephrine? this caused an elevated basal level of
lipolysis in the absence of hormone.
CT inhibition was directly dose-dependent such that the degree
of inhibition was relatively constant irrespective of the state of
ACTH-stimulation• There was only a 10-15% recovery in lipolysis at
3 and 10 jigml CT respectively when ACTHCT ratio increased over
100-fold (Flu. 11) c When CT concentration was plotted against percent
inhibition in a density distribution curve pooling over 30 experi¬
ments, a typical sigmoidal curve was obtained(not shown). From this
curvef it would be fair to state that, for instance, 10 jigmi CT
produced 50% inhibition at all dose level of ACTH in both XAC and
IFC.
(b) Stimulatory effect of cardiotoxin
A stimulatory effect of CT on ACTH- stimulated 1:1 poly sis in
IFC (Fig. 12a) and steroidogenesis in IAG(Fig. 12b) was observed.
Stimulatory effect was linear with increasing dose of CT per se
or in combination with a suboptimal dose of ACTH where an additive
effect was produced. Maximal stimulation was attained with 1 ygml
CT in both IFC and IAC„ CT effect switched back abruptly to its
inhibitory phase at 1-3 jxgml, with or without ACTH. The precise
point of inflexion was difficult to determine since it varied, with
different batches of cells and the suboptimal dose level of hormone.
In any case, stimulatory effect of CT was only evident in IFC and
IAC when hormone stimulation was suboptimal At maximal ACTH-
stimulation, 1 igml of CT produced an inhibitory effect rather
than a stimulatory effect in both IPC and IAC® This was true for
ACTH as well as epinephrine (Fig, 8b£ 9b. 10b)„ In 1FC, the stimu-
1atcry effect of CT per se was additive with that of theophylline
or ACTH or a combination of all three together(Fig 13) when all
three were administered at low dose level The additive effect
faded out when the doss of ACTH used passod half maximal stimula¬
tion concentration
NT had no effect whatsoever on ACTH-stimulated lipolysis in
IPC (Fide 14). There was no stimulatory effect of ITT per se at any
dose level(from 01 to 30 ugml), NT did not inhibit ACTH-stimulated
lipolysis at a dose as high as 30 ugml«
(c) Cardlotoxin effect on cAMP accumulation in isolated cells
Since hormone stimulated steroidogenesis and lipolysis are
mediated by an increase in intracellular cAMP level(Sutherland,
1961), it would be reasonable to expect that CT exerted its
inhibitory effect through a decrease in cAMP level cAMP level
at maximal hormone stimulation can be lowered by the addition of
CT with a concomittant decrease in corticosterone level in IAC
(Fig 15ab). But in IFC, at a time when cAMP level was maximal
(5-10 min)? lipolysis was not yet fully developed. In kinetic
studies using IPC, it was found that CT inhibited the peak level
of cAMP but not the time course of its accumulation(Fig. 16)
Figure 13. The additive effect of the lipolysis by ACTH, theophylline
and CT in IFC.
5
Isolated fat cells(2x10 cells par tube) were incubated at
37° in KRBG( hCae pH 72) containing 10 mgml BSA and
0el mgml trypsin inhibitor for 50 min0 The relevant
amount of CT, theophylline and ACTH were added in a total
of 50 jil 0001 M HCl to the tubes to give a final concen¬
tration of 1 ugml CT f 1 mM theophylline and 1 jigml ACTH e
The bars indicate means of triplicates± SeEc
Figure 14c Effect of KT on lipolysis of XFC in the presence or
absence of ACTH,
5
Isolated fat cells (2x10 cells per tube) were incubated
in KRBG( %Ca pH 7o2) containing 10 mgml BSA and 0ol ingml
trypsin inhibitor for 60 min.
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Figure 15 a0 Inhibition of CT on cAMP accumulation in
IFC under optimal ACTH stimulation,
5
Isolated fat cells(2x10 cells per tube)
were incubated at 37° in KRBG( %Ca, pH 7C2)
containing 4 ragml BBA- ul theophylline
and Ool ragral trypsin inhibitor for 15 min0
The bars indicate means of triplicates i SE«
ho Inhibition of CT on cAMP accumulation in
I AC under optima.! ACTB st initiation
Isolated adrenal calls(1x10 cells per tube)
o
were incubated at 37 in KRBG(pH 702) containing
relevant amount of ACTH and CT for 60 rnin„












































Figure 16 ACTH and theophylline stimulated cAMP
accuralation and FFA release in 1FG in
the Dresence and absence of CT as a
function of time.
At 0 mins isolated fat cells in KRBG
(hc? pH 72) containing 10 ingml BSA
and Ool mgml trypsin inhibitor were
delivered to 2 sets of triplicate culture
tubeso CT was added to one set of tubes
prior to the delivery of cells0 At differ¬
ent time pointse 3 tubes from each set
were withdrawn and the amount of cAMP and
FFA in each tube was separately determined
The bars indicate means of triplicates i SE«
INCUBATION TIME (min)
Fig. 16
CT at 3 j.igm.l produced a 50% inhibition of the peak cAMP level
at 10 min but a 25% inhibition of lipolysis was not evidence
until 60 rain.
The stimulatory effect of low dosage of CT was likewise
demonstrated to be mediated by an increase in cMP level There-
was a concomittant increase of cAMP and corticosterone production
from 01 to 1 ugml CT (Table 2a). The stimulatory effect of CT
was additive with that of a sub optimal dose of ACTH J n both
respects CT stimulatory effect was equally demonstr«table in IPC
(Table 2b), although in this case a concomittant increase in
lipolysis was not yet significant There should be little doubt
that CT stimulated cAMP increase at 10 min will result in increased
lipolysis at 60 mne (see Pig 12a 16)
(d) Reversibility of cardiotoxin actions
When the inhibitory effect of a small dose of Of(3 jgml)
was examined in a rising scale of ACTH, it was observed that there
was no alleviation of CT inhibition even though ACTH concentration
had increased by 1000-fold in both IFC and IAC(Ficrc 17ab) c On the
contrary a supraoptimal dose of ACTH per se or in combination
with CT produced an inhibitory effect This is presumably due to
the production of hormone antagonist, particularly at high doses
of hormone used(Ho Sutherland, 1971)
When IAC were treated for 1 hour with CT at suboptimal ACTH
stimulation, it was found that the corfcicosterone accumulated in
Table 2 ac Stimulation of cAMP and corticosterone synthesis
in XAC by low CT dosage in the presence or absence
of suboptimal ACTH dosage,
Cells were incubated at 37° in KRBG(pH 7.2) contain¬
ing 4 mgml BSA and 0.1 ragml trypsin inhibitor for
60 mn0 After incubation the medium(including cells)
was extracted with 5 ml CHClg and 2 ml Tris-HCl e
pH 7„2 containing 20% EtOEL The organic and aqueous
phases were separated by freeze-thawing. The amount
of cAMP and corticosterone were measured separately.
Table 2bc Stimulation of cAMP synthesis in XFC by 1ow CT
dosages in the presence or absence of suboptimai
ACTH dosage. Cells were incubated at 37° in KRBG
(pH 7.2 %Ca) containing 4 mgml BSA and 0ol mgml
trypsin inhibitor for 15 min0 Incubation was ter¬
minated by transferring the total incubation medium
(including cells) into 1 ml of 1 mM theophylline
in 20 mM Tric-HCl pH 7C2 maintained in a boiling
water bath. cAMP was measured after passing through
a neutral alumina column.
Table 2a



























































Figure 17 Inhibitory effect of small dose of CT
under increasing ACTH conentration in
(a) IPC and (b) XACo
Isolated cells v;ere incubated in KRBG
(pH 7.2 Ca for IPC) containing 0.1 mg/ml
trypsin inhibitor and relevant amount of
BSA.
The bars indicate means of triplicates + S.E.
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the incubation medium(Fiq 18) paralleled that of the total sample
in both the stimulatory(Fiq 12a) and inhibitory phases of CT
action(Fig 8b), Extensive washing with a dilution factor of 1r 00Ox
did not change the corticosterone profile at all when incubation
was resumed with the same dose of ACTH for the same incubation time.
This experiment clearly indicated that CT exerted an irreversible
effect on hormonal response be it stimulatory and inhibitory
Previous experiments with adrenal quarter? shoved that CT
effect also persisted after extensive washing„ Tissue corticosteren?
level dropped or did not vary with CT treatment These results
(not shown) confirmed the observation in XAC washing experiment
and indicated that CT inhibition acted through a decrease of
hormonal response mediated by a decrease of intracellular cAMP
level but not through a decrease in cortieosterone or FFA secretion
in CT treated cells
The inability to alleviate CT inhibition by supraoptirnal ACTH
concentration or extensive washing seemed to indicate that CT
binding was irreversible However antiserum against cardiotoxin
partially reversed its inhibitory effect in IPC (£i£Jb}) The
antiserura itself was not lipolytic This experiment demonstrated
categorically that CT acts at the plasma membrane level The partial
reversal of CT inhibition by antiserum is probably due to the low
titre preparation of antiserum But it does not exclude the poss¬
ibility that CT when totally displaced from the plasma membrane
Figure 180 The reversibility of CT action studied by
extensive washing,
Isolated adrenal cells were first incubated at
37 for 60 Kiln, in KRBG (pH 7C2) containing 4 mg
ml Boa and 0«1 mgml trypsin inhibitor and
relevant amount of ACTH and CTe After the first
incubation, adrenal cello were separated from
the medium by centrifugaticn0 The amount of
corticesterone in the medium was measured0 The
adrenal cells were then washed by 15 ml fresh
KRBG for 2 times and were incubated in fresh
medium containing all substances that existed
in the previous medium except CTc The second
incubation was carried out for another 1 hourc
Corticosterone synthesized during the second
incubation perold was also measured.






































with 10 ng ACTH
Figure 190 Partial reversibility of CT action(inhibition)
by antiserum.
Isolated fat cells in KRBG (pH 72 hCa) con™
tainincr 10 mgral BSA and Cd ragml trypsin
inhibitor vera delivered to sets of tripli¬
cate culture tubes where relevant amount of
ACTil CT and theophylline had been added« 10
min after the beginning of incubation 100 jxl
undiluted CT antiserum was added to one set
of these tubes© At different time points
triplicates from each set of tubes were taken
out and their FFA content was measured©
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CONTROL
by washing would still leave an irreversible conformational
change of the plasma membrane«
Discussion
A„ Isolation and Chemical Characterisation
Chinese cobra venom was separated into twelve protein
fractions by a CM-sephadex O-SG column. CT appeared at the
last main peak like that reported by L©(1972) and Lee (1968 )0
Although the identity of CT was not confirmed pharmacologically,
results from chemical characterisation agreed well W X t h Ci 11
b
available pub .11 shod data {Lee, 1972 J£ Furthermore, preliminary
toxicity test with mice receiving a lethal dose of purified
CT by i.p. route showed similar symptoms to that caused by CT
from the Pormosan cobra.
Since toxin 1 can be separated into 3 bands by palyacryl—
amide gel electrophoresis, further purification steps are
necessary before chemical studies can take place Successive
chromatography of toxin I by amberlite CG-50 and sephadex G~50
columns yielded one main peak in each case. However, toxin II
from the amberlite column differed from toxin I by the absence
of the small fast-moving band in polyacrylami.de gel electro¬
phoresis o The electrophoretic purity of toxin III showed no
improvement over that of toxin II Since the minor component
constitutes a relatively small quantity of the total toxin III,
as judged by the intensity of staining in polyaery1amide gel,
results from chemical studies using toxin III are presumably
not distorted by its presence.
This persistence in toxin. III heterogeneity indicates
that the minor component is very similar to the major component
in both size and chargeIt can be a CT homologue produced
during the course of evolution (Lee, 1972)« It can also be
the result of partial deamination of the asparagine residues
during exposure to acidic eluant in column chromatography
Formosan cobra NT contains no carbohydrate component(Shiau
Lee 191); the carbohydrate content of CT has never been
reported Due to the abundance of asparagine residues it is
quite possible that CT is actually a glycoprotein If this is
true variation in carbohyrate content in such a small molecule
may change the net charge and molecular size of CT to such an
extent as is detectable by polyacrylamide gel electrophoresis
but not other chromatographic methods Being a strongly basic
protein the possibility of non-specific binding of acidic
contaminants to toxin III cannot be excludede Thus the hetero¬
geneity of toxin III can result from multiple causes
Results from N-terminal residue isoelectric point mole¬
cular weight and amino acid composition determinations indicate
that toxin III is a very basic protein with a N-terminal leucine«
Its amino acid composition is closely identical to pure CT
(from N naja atra) with the difference of one residue in
aspartic acid phenylalanine valine or threonine Its molecular
weight determined by SDS gel electrophoresis differs from that
calculated from amino acid composition by less than Q%„ There¬
fore, it can be concluded summarily from these results that
toxin III is indeed CT
Bo Biological Effects of Cardlotoxin on Lipolysis and Steroidogenesis
Adrenal cells are known to respond uniquely to ACTH but not
other hormonesc Since low dosage of CT can stimulate steroido¬
genesis in I AC, it seems to indicate that CT can bind quasi-
specifically on ACTH receptors in IA'J By fcho same token, CT
inhibition at maximal ACTH stimulation can be the result of a
displacement of ACTH molecules from the receptor sites by CT due
to high affinity or simply a high concentration of the latterv
The same argument may apply to IPC although in this case, multiple
receptors exist(Sutherland, 1971) In both cases, CT behaves like
a partial agonist with high affinity.
If CT affects hormone-stimulated responses by competitive
binding, its basic charges must play an important role in receptor
binding as in the case of ACTH(Ramachandran, 1973? Hofmann et al.,
1970). For the same reason, other polycationic molecules like
histone and polyamine may be able to duplicate CT effect. The
closest candidate in this category is NT which is more similar
to CT than any other molecular species in chemical structure,
biological function and tissue origin. A segment of tribasic
residues in position 26-28 of NT is particularly reminiscent
of the tetrabasie segment in position 15-18 of ACTH© But NT
Der se had no effect whatsoever on IFC over a ly000-fold dose
range? nor does it attenuate maximal ACTH stimulation even at
30 jxgml. Thus, it can be concluded that CT effect on IFC and IAG
is not simply mediated through nonspecific binding on plasma
membrane but through binding which cam elicit a change in AC
activity
A common inhibition and stimulation or of lie obtained in 3
different cell systems strongly suggests that it is impossible
for CT to exert its effects by binding to different hormone-
receptive sites unless the molecule carries multiple active sites
Due to the variation of its target tissues in the envenoms ted.
victim, the possibility of the existence of multiple active sites
in CT cannot be excluded Attempts to reverse or attenuate CT
effect by washing and antiserum so far proved unsuccessful. The
irreversibility of CT effect does not lie in CT binding but in
a change of membrane structure.
It would at first appear difficult to visualise how CT can
affect AC activity without binding to hormone receptors. By
means of its basic charges, CT probably binds on a common?
membrane component, egc, phospholipids, which serves as the
structural basis of important membrane functions The reconstitution
of the responsiveness of partially digested membrane preparations
to specific hormones by different kinds of phospholipids has
already been mentioned above(Levey, 1973). The conformational
change of phospholipids due to ligand binding has also been
reviewed recently (Kreutz, 1972)a These observations argue in
favour of the notion that CT can act as a partial agonist with
high affinity in hormone-stimulated IAC and IPC systems Although
the critical role of phospholipid in hormone-stimulated response
mediated by AC system is still unknown, yet it is recently
inclined to believe that it must play an important role in the
coupling mechanism of the hormone receptor(Levey, 1973). Thus,
the high affinity or CT may manifest towards the transducer
component of the hormone receptor in the AC system, since this
is the only step it can affect without directly binding on the
receptive site or penetrating into the ceil(partial reversal by
antiserum).
A biological transducer can contribute more to information
transmission than simply decoding or receding the cryptic message;
it can also magnify the quantity and frequency of the input signal•
In other words, it plays a critical role as an amplifier andor
a modulator during information transmission Examples are many
in neural transmission Recently, similar observations are made
in non-excitable cells, notably in hormone-stimulated responses,
where hormonal activation can be likened to nervous impulse in
excitable cells(Matthews Saffran, 1973) In perfused canine
adrenal, Cortisol secretion overshoot the final steady state
value when ACTH concentration increased stepwise An overshoot
phenomenon also occurred when ACTH was withdrawn(Urquhart Li,
1972). In IACf NFS-ACTH produced a divergent effect on cAMP
accumu1ation and corticosterone secretion(Moy1e et ah 1973)
It seems that more than one rate constant can come into play
between ACTH binding and steroid release One of these rate con¬
stants may lie v?ifch the efficiency and modulation pattern of the
transducer. Thus- through ionic bonding on phospholipid components,
CT can change tk frequency and magnitude of the output signal
in IPC and IAC at a step subsequent to prior hormone binding.
The potentiating effect of CT on phospholipase A can be explained
in the light of this hypothesis as an increase in accessibility
of phospholipase A to exposed intra me mb r a nic phospholipids
. (Klibansky, 1968)« This hypothesis can he verified experimentally
by following the fluorescence quenching of dansylted CT in the
presence of various membrane preparations or phospholipids.
In washing experiments with IAC, there is no accumulation
of corticQsterone in the cell following CT treatment. This result
is in good agreement with that of preliminary experiments using
adrenal quarters(results not shown)e It seems that CT dees not
act on secretion under the present conditions of experiment.
Indeed, one would expect that corticosterone and FFA tend to
spill out to the external medium in a depolarised cell.
A crucial point in the study of CT action mechanism concerns
the pluralism of CT action. It would be imperative to determine
whether the multiple effects of CT are consequences of depolar-
isation or they are parallel everves 0
The depolarising effect of CT is well documented(Lee, 1972)
In a recent review, Gingell (1971) formulated the idea that change
in cell surface electrostatic potential can serve as an input
signal in non-excitable cells«, At low CT concentration, partial
depoiarisat.i on elicits a train of quasi-specific signals® Some
of w).ioli may fall into the same frequency range as that required
for AC activation This situation can be compared with an inform¬
ation transmission channel in which a graded increase in noise
level has been partially decoded as an output signal of some
significance® In practical terms, depolarIsation-induced ionic
a.
flux across the membrane may favour the availability of Ca'' or
P"wheih are stimulatory to corticosteroid release and AC
activation respectively(Birmingham et al,f i960; Birnbaumer et alef
1971)c Examined from this angle, CT-induced depolarisation can
be considered as a primary step that bring forth the relevant
hormonal effects.
However, evidences provided by preliminary studies of CT
effect on membrane-bound enzymes support that CP-induced
depolarisation can-only be considered as a parallel event but
not a primary step that brings forth a series of other effects0
In a series of preliminary experiments it has been able to
demonstrate that CT inhibits AC activity in adrenal particulate
fraction and fat nail ghost Since there is no problem of polari¬
sation in in vitro assay of AC activity, it can be concluded that
at least in this case, CT inhibition is independent of depolari¬
sation CT also inhibits ATPase activity in intact ascitic tumor
cells« The situation is quite different for other membrane-bound
enzymes. CT has no effect at all on 5-nucleotidase in rat liver
plasma membrane preparations CT has also no effect on rat liver
mitochondrial succinate dehydrogenase(SDH) activity On the
contrary, CT promotes a time- and dose-dependent release of
mitochondrial SDH into the post'-mitochondrial sunernate(Fia« 2 0)
These results suggest that in enzymes where attachment to membrane
is principally for the purpose of compartmentation, CT effect is
minimal or even stimulatory due to substrate, availability But
in other membrane-bound enzymes where membrane integrity is
necessary for proper membrane function(even in a teleoloqical
sense), CT binding can change the membrane structure to such an
extent that both depolarisation and inaetivation of enzyme activity
occur„
Finally, at this stage of our studies, a crucial conclusion
cannot be made We can only limit ourselves in stating that CT
causes an irreversible change in plasma membrane conformation
leading to multiple effects of a number of vital membrane functions
in addition to depolarisation
Figure 200 CT effect on succinic dehydrogenase activity in
mitochondria preparation of rat liver
Mitochondria preparations of rat liver were
devided into two sets of centrifuge tubes and
relevant amount of CT were added to give a final
concentration of 10 jigml and 100 y.g ml for each
respectively. Incubation was carried out in an
ice bath. At different time points one tube
from each set was taken out and centrifuged at
10 00Ox g for 10 min. The supernate was trans¬
ferred to another tube and the residue was
resuspended in same volume of same buffer«
Aliquots from both the supernate and residue
were taken for enzyme assaye
The enzymatic reactions were carried out in a
cuvette in a temperature-controlled cell holder
(37} at saturated substrate concentration0 The
kinetics were followed by a Hewlett-Packard 10
inches strip chart recorder attached to a Zeiss
PMQ II spectrophotometer The reaction mixtures
contained 3 mM succinate„ 0o5 mgrnl BSAf 001 rag
ml 2e6-dichlorophenolindophenol (dye) and 1 drop
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1. Cardiotoxin (Toxin III) was purified from the Chinese
cobra (N. naja Linn.) venom by successive chromatography
on CM-sephadex C—50, amberlite CG-50 and Sephadex G-50
columns.
2c Toxin III showed one major band and one minor brand on
acidic polyacrylamide gel electrophoresis. No minor
band was detectable by SDS gel electrophoresis. It may
tentatively be concluded that the minor band of Toxin
III is minute in quantity andor identical to the major
band in chemical composition.
3. Toxin III was found to have an terminal leucine, a
molecular weight of 7,250 and an isoelectric point
around pH 11.1.
4 The amino acid composition of Toxin III was found to be
essentially the same as the cardiotoxin from Formosan
cobra (N. naja atra): there are differences in the
following residues? in Toxin III, there are 7 aspartic
acid, 2 threonine, 6 valine and 3 phenylalanine whereas
in the Cardiotoxin, 6, 3, 7 end 2 of the above amino
acids respectively were present.
5. Cardiotoxin inhibited hormone-stimulated lipolysis in
isolated fat cells and steroidogenesis in isolated
adrenal cells. Inhibition became apparent at 3 yjgml
and attained 100% at 1.00 yugml Half maximal inhi¬
bition occurred at 10 yjgrnl in both cases.
Go Low dosage of caraiotoxin produced a stimulatory effect
on lipolysis and steroidogenesisc This stimulatory
effect was additive with a suboptimal dose of hormone
and disappeared when hormonal stimulation approached
the maximum.
7 Both the inhibitory and stimulatory effects of cardio-
toxin were mediated by cyclic AMP Cardiotoxin inhi¬
bition at maximal hormone stimulation was accompanied
by a decrease in cyclic AMP level Cardiotoxin stimu-
lation at low dose range was accompanied by an increase
in cyclic AMP level In the latter case, the additive
effect was also paralleled by cyclic AMP accumulation
8® In isolated adrenal cells, cardiotoxin effects could
not be removed or attenuated by washing the treated
cells extensively Cardiotoxin antiserum could partially
remove cardiotoxin inhibition in ACTH-stimulated lipolysis
in isolated fat cells
9C Cardiotoxin effect on membrane-bound enzymes varied
according to the dependence of enzyme function on membrane
integrity Cardiotoxin inhibited adenylyl cyclase and
ATPase activity but not succinate dehydrogenase and 5'-
nucleotidase activity
10 It is postulated that cardiotoxin acts on phospholipid
components thus producing depolarisaticn among many other
parallel biological effects
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